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(57) [Abstract] 

[Problems to be Solved by the Invention] 

It is something which offers electrically conductive powder ,> 
electrically conductive paste and electrical circuit which 
aresuperior in electrical conductivity and migration resistance. 

[Means to Solve the Problems] 

surface of copper powder, sheath to be done with silver of 5 - 
30 weight% vis-a-vis said copper powder, at same time with 
Auger spectroscopy with the intensity ratio of peak of copper 
and peak of silver, peak of peak: silver of copper 1 : 100 - 30: 
100 containing silver sheath copper powder which is, 
containing binder and solvent in electrically conductive 
powder* above-mentioned electrically conductive powder 
which becomes, electrical circuito which wasformed to 
surface of substrate making use of electrically conductive 
paste and theabove-mentioned electrically conductive paste 
which become 

[Claim(s)] 
[Claim 1] 

electrically conductive powder 0 where surface of copper 
powder, sheath is done with the silver of 5 - 30 weight% 
vis-a-vis said copper powder, at same time with the intensity 
ratio of peak of copper and peak of silver, peak of peak: silver 
of copper 1 : 100 - 30: 100 containing silver sheath copper 
powder whichis with Auger spectroscopy , becomes 

[Claim 2] 

Containing binder and solvent in electrically conductive 
powder which is stated in the Claim 1 , electrically conductive 
paste e which becomes 

[Claim 3] 

electrical circuito which was formed to surface of substrate 
making use of the electrically conductive paste which is stated 
in Claim 2 
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[0001] 

[»wa>B-r*tt«#»] 

[0002] 

&3fc* B««u «?«A*a>**tl§]B(Ett* 
M» 7;U5-^A*©»«tt*B»*£»*tt 

#«»mtt*Btt*(D3%. &iititoTig<i 

[0003] 

»-r*fio«» bbmxiiebma* 
jE*-r«tL^«*ftBiiijfi35^i:*. 

[0004] 
[0005] 

fflsiai/zW^y-^iDiisRicjiyBitt^a 

5HflA4<fc«. 

y. #ntt*4icig&* »fti»±a*»jD-r*«: 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards electrical circuit which uses electrically 
conductive powder* electrically conductive paste and 
electrically conductive paste. 

[0002] 

[Prior Art] 

Until recently, gold* silver* palladium* copper* 
aluminum or other electrically conductive metal powder is 
designated as electrically conductive powder as method which 
forms circuit board* electronic part or other electrical circuit 
(metallization conductor ), electrically conductive paste which 
is made paste including resin* glass frit or other binder and 
solvent application or is printed in this and method which is 
formed is known generally. 

Because among various electrically conductive metal powder, 
as for gold it is a quite expensive, with field where high 
electrical conductivity is required with field otherthan that 
copper it can use silver, as electrically conductive powder is 
many. 

[0003] 

But, coming after gold or palladium, when with expensive , in 
addition the direct current voltage imparting is done under 
existing of moisture, electrodeposition of the silver which it 
names migration in electrode and electrical circuit causes the 
silver, serious problem that occurs between of electrode or 
between metallization does shunt. 

[0004] 

In order to prevent migration of silver, electrically conductive 
material which designates alloy of silver and palladium as 
electrically conductive powder is marketed, butthere is a 
problem that is a after all quite expensive. 

[0005] 

On one hand, copper is difficult to occur with inexpensive , 
migration relatively, but when heating electrically conductive 
paste, forming oxide film in copper particle surface with 
oxygen in air and binder, electrical conductivity there is a 
problem that deteriorates. 

Because of this, in surface of conductor or other measure 
which application it does moisture-proofing paint, adds 
corrosion and antioxidant in electrically conductive material 
isexamined, but it was not something where sufficient effect 
is acquired. 
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[0006] 

o#fi»*ffiffl-r«*a4<«BBBB 56-8892 -SH* 



[0007] 

*ffl**ir*fc36<. qr*tta>a5ca.pH use 



[0008] 



[0009] 

5-30 HMDfl-eMKFtU frO*- 5?x»* 
T*. ^<7)fc°—^:|g(Dfc 0 —£A< 1:100-30:100 T?fe 



[0006] 

In order both deficiency, oxidation resistance of copper and 
migration resistance of silver toimprove with electrically 
conductive powder method which uses silver plated copper 
powder is shown in the Japan Unexamined Patent Publication 
Showa 56-8892 disclosure. 

It can use electroless plating method, as method which silver 
plating is done in the plating method* especially fine 
powder, but electroless plating method, metal salt in substitute 
plating method and the plating liquid which accompany 
liquation to in metal plating liquid which becomes the 
substrate which plating is done receiving electron from 
reductant in plating liquid, is roughly classified to chemically 
reduced plating method which forms metal coating. 

[0007] 

Because as for substitute plating method among these, it is 
difficult, to obtain theformation and dense film quality of 
thick film, chemically reduced plating was used, but inorder 
to designate reductant* pH adjustment medicine of soluble 
and stabilizer etcof plating liquid as necessary material, In 
order for thing or copper whose adjustment and control of the 
plating liquid are complicated not to expose in surface, 
because importancehad been put silver in sheath doing in 
uniform, electrically conductive paste which designates silver 
plated copper powder as main component is not almost 
utilized still. 

[0008] 

[Problems to be Solved by the Invention] 

Invention which is stated in Claim 1 is something which 
offers electrically conductive powder which is superior in 
electrical conductivity and migration resistance. 

Invention which is stated in Claim 2 is something which 
offers electrically conductive paste which is superior in 
electrical conductivity and migration resistance. 

Invention which is stated in Claim 3 is something which 
offers electrical circuit which is superior in electrical 
conductivity and migration resistance. 

[0009] 

[Means to Solve the Problems] 

As for this invention, surface of copper powder, sheath is 
done with the silver of 5 - 30 weight% vis-a-vis said copper 
powder, at same time with the intensity ratio of peak of 
copper and peak of silver, peak of peak: silver of copper 1 : 
100 - 30: 100 contains silver sheath copper powder which 
iswith Auger spectroscopy and regards electrically conductive 
powder which becomes. 
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In addition, this invention, containing binder and solvent in 
theabove-mentioned electrically conductive powder, regards 
electrically conductive paste which becomes. 

Furthermore, this invention regards electrical circuit which 
was formed to surface of substrate making use of 
above-mentioned electrically conductive paste. 

[0010] 

[Embodiment of the Invention] 

Concerning electrically conductive powder of this invention, 
concerning average particle diameter of copper powder which 
becomes substrate there is not especially restriction. From 
point of balance of cost and characteristic, average particle 
diameter which wassought with laser method* sedimentation 
method or other general particle size distribution 
measurement method uses copper powder of 1 - 30;mu m or 
less, it isdesirable . 

As for producing powder under 1 ;mu m in inexpensive quite 
beingdifficult, when it exceeds 30;mu m, there is a tendency 
where the resistance and printing deteriorate. 

In addition, concerning shape of copper powder there is not 
especiallyrestriction, but it is a spherical shape almost, it is 
desirable . 

In addition, copper powder surface without being done 
oxidation , at thesame time lipid or other uses those which 
have not deposited, it isdesirable . 

[0011] 

Concerning method which silver sheath is done in surface of 
copper powder there is not especially restriction, it can list 
mechanofusion method or other method which sheath is done 
with plating method % vapor deposition methods mechanical 
energy, plating method is desirable in the oxidation resistance 
of copper among these and point of migration of the silver. 

As plating method, it restricts it is not especially, but with 
substitute plating method plating, it is desirable . 

This plating, while agitating dispersing copper powder in 
plating bath, throws plating liquid which melts for example 
silver cyanide and sodium cyanide such as should have used 
known method, but in order to satisfy requisite of this 
invention, plating is done with high plating velocity with or 
other method which throws plating liquid of predetermined 
amount at a stroke, it is desirable . 

[0012] 

When quantitative (Below, you call coating amount simply) 
of silver which sheath is done makesrange of 5 - 30 
weigh t%* preferably 10-25 weight%* more preferably 
15-20 weight% in surface of copper powder vis-a-vis copper 
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[0013] 

a«ifi»£l*9)li. «tt*<D±aii»i::»L 
T 40%m±A<»*L<. 50%^±T*&^Zi:A<<i: 

So 

[0014] 

fcy,910~930eV |" tfj 8* £^ <T> \f-<?t 
33<M60eV|caJS^6ffi<Dt°-^<t(D&j£J±# 
1:100-30:100, #$L<li 5:100-25:100, *y» 
£L<I± 10:100-20:100 0>ttHi**U C0)3$Jt 
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-*,&)£Jitf 30:100 MJLBfc. ■tWfb 

tittzA+mmttfimit't*. 



(D¥^fii*jwi-r*cticcfcy#**. 



[0015] 



powder,coating amount is under 5 weight%, exposed surface 
of copper becomes many and isnot an effect which silver 
sheath is done for most part, application doing in substrate etc 
to for example electrically conductive paste, when heat 
treatment doing,copper powder of substrate doing, oxidation 
electrical conductivity becomes bad. 

In addition when coating amount exceeds 30 weight%, as 
electrical conductivity and the printing become bad, it 
becomes expensive. 

[0013] 

copper powder with silver as for surface area (Below, you call 
coated surface area simply) which sheath is done,40% or 
more is desirable vis-a-vis total surface area of copper 
powder, it is 50%or more, is more desirable , it is 60% or 
more, furthermore isdesirable . 

coated surface area is decided following way. 

Namely, particle of silver sheath copper powder 10 or greater 
is removed to random, the silver and copper powder 
quantitative analysis are done with Auger spectroscopy 
device, theratio which silver occupies is calculated, mean is 
sought,this mean is designated as coated surface area. 

[0014] 

When as for Auger spectroscopy device which is used with 
this invention, with the device which does elemental analysis 
of surface layer under high vacuum atmosphere, peak of 
copper which appears in 910 - 930 eV and intensity ratio of 
peak of silver which appears in 330 - 360 eV 1: 100 - 30: 100, 
makerange of preferably 5: 1 00-25: 1 00, more preferably 
10:100-20:100, this intensity ratio 1: is under 100, in point of 
the oxidation resistance there is not a problem, migration 
resistance becomes bad. 

In addition adhesion of layer of silver becomes bad, layer of 
the silver partially is likely to peel off with process of paste. 

On one hand, when intensity ratio 30: exceeds 100, in point of 
migration resistance there is not a problem. When copper 
powder component of surface heat treatment doing paste, 
because the oxidation it is done, electrical conductivity 
deteriorates. 

Furthermore, particle of silver sheath copper powder 1 0 or 
greater it chooses intensity ratio of peak of copper in 
description above and peak of the silver, in random, 
evaluation does with Auger spectroscopy device, it seeks 
bycalculating mean. 

[0015] 

In order to produce electrically conductive paste making use 
of electrically conductive powder which becomes this 
invention, epoxy resin, phenolic resin * unsaturated 
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IC;l£LT#b*l£>o 
[0016] 

IC»LTtt*« A* 5-30 M%atf»H # 3-50 
M%0«Htf»*L<.l&£«tf 10-25 S 
axMHMUfi 10-40 £ft%0>ttB-e&6c£ 
A<<fcy»*U*„ 

BlbfiUMk #BiSttau «®lMbtt.it*l« 
i4j6Hiciei:ratt**i*A^ tL&ta-f 

0.5-3 M%. #ffiSttffl4< 0.05-0.5 

mfk%Aifmo>tutVi±imfi o.oi-o.i s>% 

0)«SBA<»*L<.«ftffiJiaA< 0.5-1.5 S 
«%. JHBSttJH4< 0.1-0.3 ttK&tfflOU 
lbteit#JA< 0.02-0.06 M%0>lfiin?**c£ 

[0017] 

"cffli^&*t*«-«»«. basics* 
a&3. vw^sffl, emi 2/— /u 

[0018] 

->ep»J, i]>t 0 zL-^To>hP-;uLfclSiii 



polyester resin * hexamethylene tetramine or other binder, 
butyl cellosolve. ethylene carbitol. carbitol acetate or other 
solvent, furthermore adding antioxidant etc of according to 
need imidazole, amine or other curing promoter, silane 
coupling agent, titanium type coupling agent or other 
boundary surfactant, imidazole compound or other copper, 
mixing to uniform with such as agate machine, roll, 
kneader, it is acquired. 

[0016] 

As for content of binder and solvent, binder 5-30 weight% 
and solvent range of 3 - 50 weight% are desirable vis-a-vis 
electrically conductive paste,binder 10-25 weight% and 
solvent is range of 10 - 40 weight%, aremore desirable . 

antioxidant etc of curing promoter, boundary surfactant, 
copper is added according to need, but ifit adds as for content, 
curing promoter 0.5-3 wt%. boundary surfactant 0.05- 0.5 
weight% and antioxidant of copper range of 0.01 - 0.1 
weight% aredesirable vis-a-vis electrically conductive paste, 
curing promoter 0.5 - 1.5 weight%. boundary surfactant 0. 1 
- 0.3 wt% and antioxidant of copper are range of 0.02 - 0.06 
weight%, it is more desirable. 



[0017] 

electrically conductive paste which becomes this invention, 
application, printing and potting doingin various substrate, 
various film etc which are used as insulative base member 
with optimum , in addition via conductor popular use, for 
electrode formation and for jumper wire, you can use for or 
other formation for EMIshield as material which forms 
electrical circuit. 

In addition as electrically conductive adhesive, leadless 
solder substitute which connects resistance device, chip 
resistance, chip capacitor or other electronic part and 
insulative base member youcan use. 

[0018] 

You can list paper phenol group board and glass-epoxy 
substrate, enamel substrate, ceramic substrate etc as 
various substrate whichare shown on description above, you 
can list film of flexible resin such as polyethylene, 
polycarbonate, vinyl chloride, polystyrene, polyethylene 
terephthalate. polyphenylene sulfide, polyether ketone, 
polyetherimide. polyimide in addition as various film. 



Concerning formation method of electrical circuit there is not 
especially restriction^ can form with plotter which controls 
known method, for example electrically conductive paste 
with screen printing, computer. 
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[«ttM 

mmm\ 

X(*)*«fl* SF-Cu)**-e«#**Lfc«, 
»»Lfc*«ffcft*t3PE»Lfc. 

15 M%<D$grt<#o££;ft3M(D#>o£;£ 
(AgCN20gXi;NaCN40g*7K 1 U^hU:S)U) 

It 15 M%-Cfcofc 0 
[0020] 

*fc«ft*l=«*o#«»«)tt^ 10 flftij 
SSSlCfcfLT 50~65%<Dffiffl-C¥i5jA^55%T* 

a?6ic*ftai=«»o#«»ott** io as 

14. ffl<Dt°-<7:$g(7>tf— 14:100 "Cfcofco 
[0021] 

±e<D««>-3tfi»* 70 as«B&ipp«tt& 

*>< 8.5 /I m 07b-^«l|»(«*ft*»StHf 
■» AA« TCG-1)30 MSPIZ. M^Jtm? 
xy-;H»ag(»*ft*X*(*)». f8jp a q« 
PS-2607)13 ■JMP&tf7?JI'-feDVJI^ 13 S 

«l^T?tt»*tt^-Xh*Ii*4< 1.6mm 

p a p« MCL-437F)(D^S£P$5&Lfc«Il«(7)± 



Regarding to this invention, in surface and through hole of 
insulation substrate,beforehand, it can form one part or all and 
jumper circuit of circuit and the resistance with plating * 
printing and vapor deposition * etching or other method. 

[0019] 

[Working Example(s)] 

Working Example of below this invention is explained. 
Working Example 1 

average particle diameter copper powder (Nippon Atomise 
Kako JUL (DB 69-246-4027 ) Ltd.. tradename SF-Cu ) of 
5;mu m after agitating washing with thewater, exchanged 
water which was washed with new water. 

Next in order not to precipitate copper powder, while fully 
agitating,when silver which it throws all displacement plating 
it is done silver of 1 5 weight% threw plating liquid (It melts 
Ag CN20g and NaCN40g in water 1 liter ) of quantity which 
plating is done at astroke. 

It stopped agitation with time point where separation silver 
ion stopsbeing detected 30 min later and in plating liquid, it 
removed waste solution with decant , furthermore water 
wash, dried and acquired silver plated copper powder. 

coating amount (actual measured value ) of silver of silver 
plated copper powder which it acquires was 1 5 weight%. 

[0020] 

In addition in random particle of silver plated copper powder 
10 removal, quantitative analysis doing silver and copper with 
Auger spectroscopy device, when youinspected concerning 
silver coated surface area, average was 55% in 50 - 65% 
rangesvis-a-vis total surface area. 

Furthermore particle of silver plated copper powder as for 
result of analyzing lOchoosing surface with Auger 
spectroscopy device, as for peak of copper and mean of 
intensity ratio of peak of silver, peak of the peak: silver of 
copper 14: 100 was in random. 

[0021] 

70 parts by weight and average particle diameter flake silver 
powder of 8.5;mu m (Tokuriki Kagaku Kenkyusho, K.K. (DB 
69-303-4019 ) make, tradename TCG-1 ) in 30 parts by 
weight,mixing above-mentioned silver plated copper powder 
to uniform novolac type phenolic resin (Gunei Chemical 
Industry Co., Ltd. make and tradename PS-2607 ) including 13 
parts by weight and butyl cellosolve 1 3 parts by weight, 
electrically conductive paste was acquired. 

Next said electrically conductive paste it printed test pattern 
of width 0.5 mm and length 100 mm in the top of laminated 
board where thickness removes copper foil of paper phenol 
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SCl 200 >^ViCDX^'J— >£iILTiH 0.5mm 
100mm (DtXH/^— >£H1Bi]U * 
fi+T* 150 deg C T*45 #0£#rJ)Q?&«&SL 

^(DJtfital* 90// Qcm T'feofco 
[0022] 

^X±IZipi 2mm CD ©££5 IMC 2mm F^P^<t 



Jfcl^-CWBBK-f *>SlfcK 0.05cc £;T§TLT 

«tcD^s,2oo//A ®ai**a^att*t**T?ic 

[0023] 
HSS012 



« 1 fcH«0X«£«T«too*M»£»fc. 



»&*ifc«tootfi»©fia>*M(Stajfit) 

I* 19 M%-efcofc. 

£*:ISttBa«li SKttLT 60~75%0> 

*&iz*ftaicfi«>o#«i»©tt^* io 

I*. «0>tf-$:«©t;-**< 3:100 "Cfcofco 
[0024] 

±E<DII«>-Dt«»* 70 S>«B&i;v«ttS 
8.5 //m <D7U-^ttll»((8*<b*WStHff 

tcg-1)30 H»i:,y#r^i7 
xy-;u«ffi(«*fc¥i«(tt)«. S B ° q « 

PS-2607)15 MflJ&tf^^U-feDVJU? 15 s 



copper clad laminated board (Hitachi Chemical Co. Ltd. (DB 
69-053-5794 ) make, tradename MCL-437F )of 1.6 mm 
through screen of 200 mesh, in atmosphere with 150 deg C 
heat treatment did with condition of 45 min and acquired 
electrical circuit. 

specific resistance of electrically conductive paste cured 
product in electrical circuit which it acquires was 
90;mu:oa-cm. 

[0022] 

On one hand, separately from description above, electrically 
conductive paste on slide glass in order to become 2 mm 
spacing mutually, it printed electrode of width 2 mm with 
method which is similar to description above, heat treatment 
doingwith condition which is similar to description above, it 
acquired the electrode. 

Next dripping deionized water 0.05 cc between electrode, 
imparting it did direct current voltage of 20 V between 
electrode, evaluation it did migration resistance leakage 
current between passage of time and electrode is measured 
with . 

As a result, until leakage current of 200;mu A flows, time 
when itrequires in even 40 min , was superior in migration 
resistance. 

[0023] 

Working Example 2 

classification doing copper powder which is used with 
Working Example 1, other than the average particle diameter 
obtained copper powder of 2;mu m, doing silver plating with 
theoretical value of silver plated amount as 20 weight%, 
passing by step which is similar to the Working Example 1 it 
acquired silver plated copper powder. 

coating amount (actual measured value ) of silver of silver 
plated copper powder which it acquires was 19 weight%. 

In addition as for silver coated surface area in 60 - 75% 
ranges, average was 65%vis-a-vis total surface area. 

Furthermore particle of silver plated copper powder as for 
result of analyzing lOchoosing surface with Auger 
spectroscopy device, as for peak of copper and mean of 
intensity ratio of peak of silver, peak of the peak: silver of 
copper 3: 100 was in random. 

[0024] 

70 parts by weight and average particle diameter flake silver 
powder of 8.5;mu m (Tokuriki Kagaku Kenkyusho, K.K. (DB 
69-303-4019 ) make, tradename TCG-1 ) in 30 parts by 
weight,mixing above-mentioned silver plated copper powder 
to uniform novolac type phenolic resin (Gunei Chemical 
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Industry Co., Ltd. make and tradename PS-2607 ) including 15 
parts by weight and butyl cellosolve 15 parts by weight, 
electrically conductive paste was acquired. 

Next said electrically conductive paste, passing by step which 
is similar to Working Example l.you obtained electrical 
circuit and electrode, as for result which the characteristic 
evaluation is done, as for specific resistance of electrically 
conductive paste cured product in electrical circuit which is 
acquired until leakage current of 80; mu:oa -cm and 200 ;mu A 
flows, time when it requires in even 35 min , you 
weresuperior in migration resistance. 

[0025] 

Working Example 3 

Other than doing silver plating making use of copper powder 
of Working Example 1, with theoretical value of silver plated 
amount as 10 weight%, passing by step which issimilar to 
Working Example 1 it acquired silver plated copper powder. 

coating amount (actual measured value ) of silver of silver 
plated copper powder which it acquires was 10 weight%. 

In addition as for silver coated surface area in 35 - 50% 
ranges, average was 40%vis-a-vis total surface area. 

Furthermore particle of silver plated copper powder as for 
result of analyzing lOchoosing surface with Auger 
spectroscopy device, as for peak of copper and mean of 
intensity ratio of peak of silver, peak of the peak: silver of 
copper 25: 100 was in random. 

[0026] 

70 parts by weight and average particle diameter flake silver 
powder of 8.5 ;mu m (Tokuriki Kagaku Kenkyusho, K.K. (DB 
69-303-4019 ) make, tradename TCG-1 ) in 30 parts by 
weight,mixing above-mentioned silver plated copper powder 
to uniform novolac type phenolic resin (Gunei Chemical 
Industry Co., Ltd. make and tradename PS-2607 ) including 13 
parts by weight and butyl cellosolve 1 3 parts by weight, 
electrically conductive paste was acquired. 

Next said electrically conductive paste, passing by step which 
is similar to Working Example l,you obtained electrical 
circuit and electrode, as for result which the characteristic 
evaluation is done, as for specific resistance of electrically 
conductive paste cured product in electrical circuit which is 
acquired until leakage current of 130;mu:oa -cm and 200;mu 
A flows, time when it requires in even 60 min , you 
weresuperior in migration resistance. 



[0027] 
Comparative Example 1 

In flake silver powder 100 parts by weight which is used with 
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[0028] 



Working Example 1 , mixing to uniform the novolac type 
phenolic resin (Gunei Chemical Industry Co., Ltd. make and 
tradename PS-2607 ) including 13 parts by weight and butyl 
cellosolve 1 3 parts by weight, it acquired electrically 
conductive paste. 

Next, said electrically conductive paste passing by step which 
is similar to Working Example 1 ,you obtain electrical circuit 
and electrode, as for result which characteristic evaluation is 
done, specific resistance of electrically conductive paste cured 
product in electrical circuit which isacquired was 75;mu:oa 
-cm, but until leakage current of 200;mu A flows, time when 
it requires even 30 second quite was short,was inferior to 
migration resistance. 

[0028] 

[Effects of the Invention] 

electrically conductive powder which is stated in Claim 1 is 
superior in electrical conductivity and migration resistance. 

electrically conductive paste which is stated in Claim 2 is 
superior in electrical conductivity and migration resistance. 

electrical circuit which is stated in Claim 3 is superior in 
electrical conductivity and migration resistance. 
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